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MEASUREMENT AND CORRELATION OF
INFLAMMATORY MEDIATORS IN SERUM AND SYNOVIAL
FLUID FROM A CROSS-SECTIONALOSTEOARTHRITIS
COHORT
K. Ma1, S. Visvanathan1, P.A. Marsters1, M. Mascelli1,
X-y. Song2, S. Lohmander3, S. Blake1, F. Baribaud1
1Centocor R&D Inc, Radnor, PA; 2Ethicon R&D Inc, Somerville,
NJ; 3Dept. of Orthopedics, Clinical Sciences Lund, Sweden
Purpose: Evaluate the use of multiplex immunodetection assays
to measure a broad range of inﬂammatory mediators in a cross-
sectional osteoarthritis cohort. Examine relationships between
markers in serum and synovial ﬂuid.
Methods:A cross-sectional cohort composed of 6 sub-groups in-
cluding healthy volunteers (REF n=23), patients with either acute
pyrophosphate arthritis (APA n=17), anterior cruciate ligament
rupture isolated or combined with another ligament (LI n=146),
meniscal tear (MT n=70), osteochondral fracture (OC n=19), pri-
mary knee osteoarthritis (OA n=46) for a total of 321 patients.
One sample of knee synovial ﬂuid (SF) and serum (S) at 1 time
point, varying between 0 days and 26 years after knee injury
or onset of symptoms, were analyzed. Analytes measured us-
ing the Luminex platform were cytokines/chemokines, adipokines
and acute phase proteins (LINCOplex assays, Millipore). Tukey’s
multiple comparison testing was used for all statistical analyses
on logarithmic-transformed marker values.
Results: The intra- and inter-assay variability was below 10 and
20% respectively in both S and SF. The dynamic range of the
standard curves spanned over a 4 logarithm range with cor-
relation coefﬁcients of at least 0.9 for all analytes tested with
exception of SAP, which in S had a correlation coefﬁcient of 0.84.
Data validation was determined by spiking recovery experiments
at 6 concentrations over a 3 logarithm range using 70-130%
recovery as acceptability criteria. As a result, at least 75% of the
patient samples had data that could be utilized for analysis from
19 analytes (IL-1α, IL-4, IL-6, IL-7, CXCL8/IL-8, IL-10, IL-12p70,
IL-17A, CCL11/Eotaxin, GM-CSF, CXCL10/IP-10, CCL2/MCP-
1, CCL3/MIP-1α, TNFα, resistin, adiponectin, CRP, SAA, and
SAP) for S and 11 analytes (IL-6, CXCL8/IL-8, CXCL10/IP-10,
CCL2/MCP-1, CCL5/RANTES, act-PAI-1, resistin, adiponectin,
CRP, SAA, and SAP) for SF. At least half of the patients had
an additional 5 analytes (IL-2, IL-13, IL-15, IFNγ, act-PAI-1) for
S and 3 analytes (IL-1α, IL-10 and Leptin) for SF available for
analysis. For the 12 analytes measured in both matrices a ma-
jority had higher measured median levels in S than SF. However,
this trend was reversed for IL-6 in the APA and OA groups, for
IL-10, CXCL10/IP-10, and resistin in the APA group, for act-PAI-1
across all groups, and for CCL2/MCP-1 for the LI, MT and OC
groups. Three analytes (IL1α, CRP, SAA) were correlated be-
tween S and SF levels (r=0.619, 0.590 and 0.577 respectively).
CRP and SAA also correlated with each other both in S and SF
(r=0.815 and 0.713 respectively), as did IL1α and IL4 (r=0.689
and 0.741). Another 20 pairs of analytes correlated (r>0.6) in S
and 5 in SF. IL-7, an inﬂammatory mediator inducing osteoclasto-
genesis, correlated in S with GM-CSF, IL-17A and CCL3/MIP-1α
(r=0.700, 0.633 and 0.615). All 3 markers correlated with each
other (rGM-CSF:CCL3/MIP-1α =0.792, rGM-CSF:IL-17=0.737) and with IL-
6 (rGM-CSF:IL-6=0.671, rCCL3/MIP-1α: IL-6=0.678, rIL-17:IL-6=0.639). All
correlation pairs identiﬁed did so across all subgroups, irrespec-
tive of sampling time after injury or OA score.
Conclusions: Three multiplex kits were validated for their use
in measuring markers in S and SF from a cross-sectional OA
cohort. Data from 24 and 14 analytes from S and SF respectively
were collected for at least 50% of all samples assayed. A wide
range of concentrations was found for all analytes across all
sub-groups in the cohort. Finally, several markers correlated with
each other whether in S or SF.
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OSTEOCHONDRAL INJURY INCREASES TYPE II
COLLAGEN DEGRADATION PRODUCTS (C2C) IN
SYNOVIAL FLUID OF THOROUGHBRED RACEHORSES
A.B. Scarbrough, M.P. Brown, T.N. Trumble
University of Florida, Gainesville, FL
Purpose: To investigate the effects of exercise and osteochon-
dral (OC) injury on type II collagen degradation (C2C) in synovial
ﬂuid (SF) from Thoroughbred (TB) racehorses and to compare
these results with radiographic and arthroscopic scores of sever-
ity of joint injury.
Methods: SF samples were obtained from 3 groups of TB race-
horses: (1) Rested: 20 TB horses (age range 14 to 20 months),
conﬁrmed normal by clinical and radiographic examination. SF
samples were collected from metacarpophalangeal (MCP) joints
(n=20) and middle (n=14) or radiocarpal joints (n=6) of these
horses before the start of race training. (2) Exercised: horses
from the rested group (group 1) had the same joints sampled at
the end of 5 to 6 months of training. (3) OC injury: 28 Thorough-
bred horses (age range 2 to 7 years) undergoing MCP (n=13),
metatarsophalangeal (MTP; n=1), middle carpal (n=9), or radio-
carpal (n=5) arthroscopic surgery for removal of (OC) fragments,
which were injuries resulting from racing. For group 3, radio-
graphic and arthroscopic scores were determined. SF samples
were assayed using a commercially available ELISA (C2C, IBEX
Technologies, Inc). Differences between groups were determined
by one-way ANOVA and a post hoc Tukey’s multiple-comparison
test. Positive and negative predictive value of SF C2C for identify-
ing OC injury was determined by Fisher’s exact test. Correlations
were determined using the Spearman correlation. P < 0.05 was
considered signiﬁcant.
Results: SF C2C concentrations in OC injured carpal and
MCP/MTP joints were signiﬁcantly different than rested and exer-
cised joints (P < 0.01) (Figure 1). However, carpal and MCP/MTP
SF C2C concentrations were not signiﬁcantly different between
rested and exercised groups. Arthroscopic scores were signiﬁ-
cantly higher for OC injured carpal than OC injured MCP/MTP
Figure 1. Horizontal scatter plot of SF C2C concentrations for MCP/MTP (top)
and carpal (bottom) joints in rested, exercised, and OC injured TB racehorses.
The short vertical solid lines represent the mean value for each group. The ver-
tical dashed lines represent SF concentrations (≥ 64 pmol/mL for MCP/MTP
joints and ≥ 75 pmol/mL for carpal joints) for which there is predictive value in
discriminating OC injured horses from rested or exercised horses. Like letters
represent no signiﬁcant difference.
